Featured Application: The results of this work can be used for the evaluation of existing prestressed 13 concrete slab-between-girder bridges for fatigue.
Introduction

32
The majority of the bridges in the Dutch highway bridge stock were built in the decades 33 following World War II, which was an era of rapid and extensive expansion of the Dutch road 34 network. These bridges were designed for the live loads of that era, which resulted in lower demands 
77
Of the 70 slab-between-girder bridges in the Netherlands, the one that has the most critical slab 
82
The duct spacing in the deck is 650 mm on center, and at some positions it is increased to 800 mm on 83 center. Table 1 gives the main properties of the geometry and reinforcement of the decks. Post- In the Netherlands, assessment is carried out both with a wheel print of 400 mm × 400 mm (as 115 
91
prescribed by the Eurocode
155
The prestressing steel in the girders is Y1860S tendons and the prestressing steel in the 
163
The load is applied with a hydraulic jack mounted in a steel frame test setup. For the static tests,
164
the load is applied with a stepwise monotonic loading protocol. In two experiments, a loading 165 protocol with three cycles per load levels is used. For the static tests and the tests with three cycles
166
per load level, the load is applied in a displacement-controlled way. For the fatigue tests, the load is 167 cycled between a lower limit and upper limit, with the lower limit 10% of the upper limit. A sine
168
function is used with a frequency of 1 Hz. The load is applied in a force-controlled way for the fatigue 169 tests. If fatigue failure does not occur after a large number of cycles, the upper load level is increased (and the associated lower limit of 10% of the upper limit adjusted as well) and fatigue testing is continued.
Results of experiments
The complete results of all experiments can be consulted in [5] for the static tests on the first is continued with N cycles at another load level F/Pmax, given on the next row. The column "Age"
197
gives the age of the slab at the age of testing, and fcm,cube gives the associated cube concrete compressive 198 strength. For fatigue tests that lasted several days, a range of ages is given in the column "Age",
199
indicating the age of the concrete in the slab at the beginning of testing and at the end of testing.
200
Similarly, a range of compressive strengths is given for fcm,cube, representing the strength determined
201
at the beginning and end of testing. 
202
219
Since the assessment will be carried out separately for one and two wheel prints, it is interesting 220 to look at the difference in Wöhler curve for the experiments with one and two wheel prints. 
227
The 5% lower bound (characteristic value) of this expression, which can be used for assessment, is:
229
The Wöhler curve for the datapoints with a double wheel load is:
The 5% lower bound of this expression is:
233
The slope of the Wöhler curve for the case with two wheel loads is lower than for the case with a 
255
Using the properties in Table 1 , we find that k = 2 and the punching shear stress capacity of the case 
258
To find the maximum punching force, we calculate the punching perimeter around the 400 mm wheel 259 print as sketched in Figure 7 :
261
For the 230 mm × 300 mm wheel print, the punching perimeter length becomes:
263
The maximum punching force for these two wheel prints then becomes: 
285
The assessment is carried out based on the Unity Check. The Unity Check is the ratio of design 286 demand to design capacity; for punching in this case, the Unity Check is the ratio of the factored 287 concentrated load acting on the wheel print to the design punching shear force capacity. To fulfil the 288 code requirements, the Unity Check has to be smaller than 1. Table 4 gives an overview of the 289 resulting Unity Checks for the different wheel prints studied. It can be seen that assessing the deck 290 with the Eurocode already fulfils the requirements. In the introduction, we stated that there is 291 discussion about the punching capacity of the decks in the existing slab-between-girder bridges. The
292
reason why this assessment already shows that the deck fulfils the code requirements is the higher 293 punching capacity that is found based on the results of drilled cores. 
294
303
 the partial factor derived from the experiments γT has to be included.
304
First, we will derive the partial factor from the experiments γT. 
309
To find the punching shear capacity VR,c the stress vR,c is then multiplied with u × d, with u determined 310 as in Figure 7 for the considered wheel print. demand VEd that corresponds to the wheel print in the experiment under consideration (see Table 4 ).
329
The average value of VBB,d/VEd = 3.06, which means that the margin of safety is 3.23, or that the Unity
330
Check is the inverse, UC = 0.33. When comparing this value based on the experiments to the values 331
in Table 4 , we can observe the beneficial effect of compressive membrane action on the capacity of 332 thin transversely prestressed concrete slabs. 
333
345
To use the Wöhler curves derived in the experiments for the assessment of the Van Brienenoord
346
Bridge for fatigue, we will scale the fatigue load model to the 1:2 size of the test setup. Note that this 347 approach differs from the assessment for punching, where we scaled up the capacity from the 348 laboratory setup to the capacity of the case study bridge. Here, we use the opposite approach, to 
362
The equivalent concentrated load is then:
364
which results in Feq = 0.83 kN for a single wheel load and Feq = 1.40 kN for a double wheel load. The 365 total load is then F = 27.08 kN for a single wheel load and F = 27.65 kN for a double wheel load.
366
The punching shear capacity of setup 2 is given in Table 5 static and fatigue punching, we need to recall that this case study bridge was selected since it has the most critical geometry (largest span to depth ratio for the slab) of the existing slab-between-girder Eurocode requirements. Drawing this conclusion is valid, since these bridges were all built in the
One side note that we should place with the conclusion that all slab-between-girder bridges in 406 the Netherlands fulfil the requirements for static and fatigue punching is that this conclusion is only found, the bridge requires further analysis, and it should be evaluated if the conclusion that was 411 based on an undamaged structure is still valid.
412
For this research, the outcome is twofold: 1) the small resulting Unity Checks based on the 
427
The structural behavior of the thin slabs in slab-between-girder bridges is different from that of slab-428 column connections. In particular, the development of compressive membrane action increases the 429 capacity significantly.
430
To study the structural behavior of slab-between-girder bridges, we selected as a case study the
431
Van Brienenoord Bridge because it has the most critical slab geometry (largest span-to-depth ratio
432
for the slabs) of this subset of bridges in the Dutch bridge stock. Based on the geometry of the case 433 study bridge, we built two setups in the laboratory at 1:2 scale and carried out static and dynamic
434
tests.
435
The outcome of the static tests can be used for assessing the static punching strength of the Van 
